Understanding differences in genital injuries after nonconsensual and consensual intercourse is an important element of prosecuting sexual assault cases. In order to determine if the injury patterns and total surface area of genital injuries can differentiate between the types of intercourse (consensual or non-consensual), eighty women were examined after non-consensual (retrospective chart review, n = 40) and consensual (recruited, n = 40) intercourse within 48 hours using colposcopy, toluidine blue dye, and digital photography to document genital injuries. Differences between types of injuries found in the nonconsensual and consensual groups, based on the univariate analysis, were found with the number of sites (NoS) with ecchymosis (p < 0.01) and NoS with redness (p < 0.01). Based on the logistic hierarchical regression model, 85% of the nonconsensual group and 90% of the consensual group were classified correctly by using the NoS with tears, ecchymosis, abrasions, and redness and SA of injury when controlling for time from intercourse to examination. The NoS with redness (p = 0.017), NoS with ecchymosis, and SA of injury (p = 0.039) were individually predictive. The NoS with ecchymosis were also a significant finding when addressed as an individual block (p < 0.001). In this small sample, exploratory study, while controlling for time, the injury patterns and total SA of genital injuries were able to correctly classify the nonconsensual group 85% of the time. Replication of this study with a larger sample is essential. Key words: colposcopy, consensual intercourse, genital injury, sexual assault, toluidine blue dye S EXUAL assault is a devastating crime of violence in which the perpetrator uses sex as a weapon and an act of opportunity to target vulnerable populations. Many times victims are left with feelings of fear, anxiety, depression, sexual dysfunction, and im-
When sexually assaulted women report to the emergency department (ED) for medical care and evidence collection, physicians, nurse practitioners, physician assistants, or specially trained forensic nurses (sexual assault nurse examiners; SANEs) usually provide care (Ledray, 1992; Ledray & Barry, 1998; Linden, 1999; Littel, 2001) . The purpose of the forensic examination is to collect evidence, perform a complete physical examination to document injuries, and provide treatment for injuries and possible sexually transmitted infection. Evidence collected from the victim is used as part of the investigation by law enforcement. The evidence can be used to support lack of consent, evidence of penetration (per state statutes), and any indications of force or coercion (Ledray, 1992; Littel, 2003) .
Because of the stigma and trauma associated with sexual assault and a police investigation, many women choose not to disclose the event despite the fact that the disclosure has been identified as an important part of recovery (Rickert, Wiemann, & Vaughan, 2005) . Because sexual assault is a crime that usually does not have any other witnesses, the police investigation relies heavily on the evidence collection process, along with the documentation and interpretation of the injuries (genital and nongenital) in relation to the allegations. Currently, the correlation of injuries with allegations is not well defined.
Recent challenges to expert testimony regarding the human sexual response and injuries following sexual assault have brought to light a lack of scientific evidence supporting the theory of injury in sexual assault cases. After the courts challenged the scientific merit of the expert's testimony in the Virginia court case, the sexual assault nurse examiner must remember that the significance of the genital injuries cannot be made without scientific evidence to confirm whether or not non-consent was concurred (Gaffney, 2001) .
Because evidence of trauma after a sexual assault has been shown to be predictive of successful prosecution, it is imperative to understand the research findings in the literature. Even after approximately 25 years of experience, the amount of scientific data collected on evidentiary genital findings after sexual assault has not been viewed collectively to validate the pattern of injuries after a sexual assault (Anderson, McClain, & Riviello, 2006) . Research is critically needed to establish criteria and guidelines based on scientific data to devise appropriate standardized clinical assessment instruments for the evidentiary findings of adult sexual assault victims. The potential use of genital injury as substantiation for allegations of sexual assault has led to a number of studies. These studies have laid the groundwork for sexual assault injury interpretation in the criminal justice system (Slaughter, Brown, Crowley, & Peck, 1997) . Although ultimately the question of consent remains with the courts of law, physical data that corroborate assault allegations are crucial in establishing the assault. This is why it is important to obtain physical data in a timeframe consistent with the sexual activity (Gaffney, 2001) .
REVIEW OF LITERATURE
To date, two studies (Anderson et al., 2006; Slaughter et al., 1997) used both colposcopy and dye to describe genital injuries in adult women following sexual assault and consensual intercourse. Colposcopy and tissuestaining dye, such as toluidine blue, play an important role in the evaluation of sexual assault survivors by documenting injuries that are not visible to the naked eye. Using a colposcope in combination with dye enhancement, an injury rate as high as 94% was found in sexually assaulted women examined within 48 hr (Slaughter et al., 1997) .
The studies added a comparison with a group of women who had consensual intercourse (Anderson et al., 2006; Slaughter et al., 1997) . Similarities between the studies included the use of retrospective chart reviews, colposcopes, tissue-staining blue dye, and an injury classification for tears (lacerations), ecchymosis, abrasions, redness (erythema), and swelling (edema). In addition, similar anatomical genital sites including the LWW/AENJ AENJ-D-09-00010R1 August 10, 2009 19:40 Char Count= 0
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Advanced Emergency Nursing Journal posterior fourchette, fossa navicularis, labia minora, labia majora, hymen, vaginal walls, periurethral area, clitoral hood, perineum, and cervix were used when determining the location of injuries. Both studies reported that the nonconsensual group had a mean of two or more injuries while the consensual group was more likely to have a mean of one injury (Anderson et al., 2006; Slaughter et al., 1997) . Unfortunately, there were many differences between the studies that could have explained the variations and inconsistency in findings. The study by Anderson et al. included women aged 18-45 years within 24 hr of vaginal-penile nonconsensual intercourse; yet Slaughter et al. included women aged 13-85 years up to 72 hr or later, after oral, vaginal-penile penetration, anal-penile penetration, and/or attempted penile penetration. By using different inclusion criteria for age and type of sexual assault, along with differences in the time between assault and examination differences made comparisons difficult.
Therefore, the purpose of this study was to determine whether the injury patterns and total surface area (SA) of genital injuries could differentiate between the types of intercourse (consensual or nonconsensual).
MATERIALS AND METHODS
The study was conducted in a rural community (population 40,000) with a university medical center located in the southeastern United States. It was a retrospective study comparing genital injury patterns of women who presented to the ED within 48 hr after vaginal intercourse with penile penetration either for evidence collection after a sexual assault or consensual intercourse.
Sample
The sample was of 80 charts from women who reported to the ED after either nonconsensual or consensual intercourse. Data collection included (1) data retrospectively obtained from charts of women, aged 18-40 years, following a sexual assault and (2) data from a comparison group of women who engaged in consensual intercourse. Prior to data collection, institutional review board (IRB) approval was obtained.
The nonconsensual group were patients in the ED requesting evidence collection following a sexual assault between January 2003 and July 2006. Data were collected retrospectively through chart audits in a database of genital injuries found after sexual assault. Inclusion criteria for nonconsensual group participants were as follows: between the ages of 18 and 40 years, not pregnant, having menstrual periods either monthly or on the basis of the type of birth control used, no prior hysterectomy, and intercourse including vaginalpenile penetration within 48 hr prior to the examination.
The consensual group participants were recruited through IRB-approved flyers placed throughout the hospital, university, and local community. Inclusion criteria for consensual group participants were as follows: between the ages of 18 and 40 years, not pregnant, having menstrual periods either monthly or on the basis of the type of birth control used, no prior hysterectomy, intercourse including vaginal-penile penetration within 48 hr prior to the examination, and sufficient written and verbal English skills.
General data collected included age, number of hours since intercourse, the number of days since the last menstrual period, use of a condom, and use of lubrication during intercourse. Injury data collected included the sites of genital injuries, the type of genital injuries, the total number of genital injuries, and the SA of genital injuries. Genital sites that were assessed for injury included clitoral hood, cervix, fossa navicularis, hymen, labia majora, labia minora, posterior fourchette, and vaginal walls. Injury types were classified as TEARS (tears, ecchymosis, abrasions, redness, and swelling.
Procedures
The forensic examinations for the nonconsensual group were performed by one of four forensic nurse examiners utilizing the University of Virginia Forensic Nurse Examiner standards of practice used for sexual assault patients requesting evidence collection. The nonconsensual data were collected through a retrospective chart review. Procedures of examination were the same for both groups. All data collected were recorded from the chart and entered into a database. After the women in the consensual group arrived at the ED, the study was described and the participant was given an IRB-approved consent form to read and sign if they were interested in participating. After the consent form was signed, the participant was screened to ensure that the inclusion criteria were met.
Information on variables that might influence injury was taken from the forms used to document injuries after a sexual assault. General data included age, current method of birth control used, relevant medical history, medications taken, drug allergies, and number of days since the last menstrual period. Evidence collection-related questions included whether or not the participant had bathed, urinated, defecated, douched, brushed teeth, or changed clothing since having intercourse. Additional data collected included time from intercourse to examination, use of a condom, and use of lubrication.
Physical examination data were collected through visual inspection, colposcopy, digital photography, application of toluidine blue dye to the external genitalia, and the use of a Foley catheter. Participants had six standard photographic pairs taken (four of the external genitalia, one of the hymen, and one of the vaginal walls and cervix). Each pair of photos included one with the use of a scale and one without a scale at 0.4 magnification. During the examination, measurements in centimeters were recorded of all injuries to calculate SA and were confirmed by recalculating the SA at each site directly from the digital photographs taken with a scale. Injuries that were irregularly shaped were copied from the photographs by using a plastic overlay. The plastic overlay was placed over graph paper with markings every centimeter so that the blocks could be counted. The counted blocks were converted into centimeters squared by using the measurement from the scale in the photographs to account for actual size of the injury. All SA calculations were verified by two reviewers. Photographs were destroyed after the SA was calculated and prior to recording the examination data in the database.
Prior to the insertion of the speculum, and after the initial photographs were taken, toluidine blue dye was applied to the external genitalia. Damaged epithelial cells are more likely to take up toluidine blue dye, which helps distinguish acute injuries or breaks in the skin (Jones, Dunnuck, Rossman, Wynn, & Nelson-Horan, 2004; Lincoln, 2001) . To visualize the hymenal tissue and edges (Persaud, Squires, & Rubin-Remer, 1997), a 14 French Foley catheter was inserted vaginally, and the catheter balloon was inflated with 10 ml of normal saline. As the catheter balloon was pulled toward the examiner, the hymen was examined by using the colposcope, and photographs were taken with and without the scale. After the catheter was removed, a clear plastic disposable speculum was inserted vaginally to allow for visualization of the vaginal walls, vaginal orifice, and cervix. Any areas of suspected injury were wiped with a sterile cotton swab to confirm injury as opposed to artifact. A final photograph was taken to discern if any speculuminduced trauma occurred. The same evidentiary procedures as described were used for both groups.
Statistical Plan
Data were entered into Statistical Package for Social Sciences (SPSS), Version 14 (SPSS, Inc., Chicago, Illinois), for analysis. Frequencies were calculated for all demographic data (continuous and categorical variables) as well as for injury rates. From the injury data, number of sites (NoS) with injury and SA of injuries were calculated. The types of injuries were tears, ecchymosis, abrasions, redness, (Table 1) . The nonconsensual and consensual groups were compared using χ 2 and Mann-Whitney U statistic. Group comparisons were made to identify significant statistical differences in the NoS with injuries and the SA of injuries. A hierarchical logistic regression to determine whether selected variables (the NoS with each injury type and SA)] could predict group membership (nonconsensual vs. consensual). 
RESULTS
The sample comprised 80 participants (40 in the consensual group and 40 in the nonconsensual group). Their ages ranged from 18 to 39 years in both groups with the nonconsensual group (mean 26.5 ± 6.5) being older than the consensual group (21.0 ± 3.6; p = 0.02) ( Table 2 ). The nonconsensual group comprised Caucasian (70%), African American (28%), and other (2%). The consensual group race was reported as Caucasian (78%), African American (8%), Asian (2%), Pacific Islander (2%), Hispanic (8%), and Mixed (2%). There were no differences between the two groups based on race.
Group differences on variables that could influence rates were examined (Table 3) . Because the data were skewed, Mann-Whitney U statistics were used. The number of hours from intercourse to examination was less for the nonconsensual group than for the consensual group (p < 0.01), which was likely due to study design. The consensual group used condoms more frequently than did the nonconsensual group; however, five (12.5%) of the women in the nonconsensual group were not sure if a condom was used (p = 0.02). Lubrication was used more frequently by the consensual group than the nonconsensual group (p < 0.01), with one in the nonconsensual group reporting the use of lubrication, and four (10%) being unsure if lubrication was used. There were no group differences identified the basis of the dye uptake to the external genitalia. The toluidine blue dye uptake was used to confirm damage to epithelial skin cells or an acute injury to the external genitalia. Also, there were no group differences based on vaginal-digital contact or penetration.
The nonconsensual group had more sites of tears, ecchymosis, abrasions, and swelling than the consensual group. The nonconsensual group had 21 sites with tears as com-pared with the consensual group with 15 sites (Table 4 ). The nonconsensual group had 12 sites with ecchymosis compared with no sites of ecchymosis in the consensual group. There were three sites with swelling identified in the nonconsensual group and no sites with swelling in the consensual group. The nonconsensual group had 19 sites with abrasions as compared with the consensual group that had 10 sites. There were 18 sites with redness in the nonconsensual group and 39 sites with redness in the consensual group. The total SA of injury in the nonconsensual group ranged was 58 cm 2 , and the total SA of injury in the consensual group was 116 cm 2 . In both the nonconsensual and consensual groups, 23 of the 40 participants had a measurable injury. Except for redness, there were more sites of injury in the nonconsensual group than in the consensual group.
Because the injury data were skewed, the differences between the nonconsensual and consensual groups on the NoS and SA of injuries were calculated by using Mann-Whitney U statistic based on mean ranks. However, the mean and standard deviations are also provided to illustrate the clinical LWW/AENJ AENJ-D-09-00010R1 August 10, relevance of the data (Table 5 ). The nonconsensual group had a larger NoS (mean 0.3 ± 0.5) with ecchymosis than the consensual group (mean = 0; p < 0.01). The consensual group (mean 1 ± 0.9) had a larger NoS with redness than the nonconsensual group (mean 0.5 ± 0.7; p < 0.01). There were no differences between groups with respect to NoS with tears, abrasions, swelling, or the SA of injury. Because the consensual group had no sites with swelling and the nonconsensual group had only two sites with swelling, swelling was not included in the logistic regression.
USING INJURY VARIABLES TO PREDICT NONCONSENSUAL VERSUS CONSENSUAL GROUP MEMBERSHIP
A hierarchical logistic regression analysis was performed to predict group membership be- tween women who had either consensual or nonconsensual intercourse within the last 48 hr. Multivariate normalcy, linearity, and homoscedasticity were assessed and were not violated (Ottenbacher, Ottenbacher, Tooth, & Ostir, 2004) . Based on distances and residuals (Mahalanobis, Cooks, leverage, studentized, and standardized), no multivariate outliers were present. The following variables were chosen for the analysis: (1) (NoS with the injury types of tears, ecchymosis, abrasions, redness and (2) the SA of injuries. To control for the group differences between the length of time from intercourse to examination, time was entered into block 1. In block 2, the NoS with each injury type (tears, ecchymosis, abrasions, and redness) were entered. In block 3, the SA of injuries was added to the model.
In block 1 of the hierarchical logistic regression, the model with time from intercourse to examination was the sole variable and was significant (χ 2 = 21.00; df = 1; p < 0.001). By entering time in block 1 as a control, time explained 31% (Nagelkerke's R 2 = 0.31) of the variance.
In block 2, the NoS with each injury type (tears, ecchymosis, abrasions, and swelling) were added. Block 2 was significant (χ 2 = 25.254; df = 4; p < 0.001) with the addition of the NoS variables. The overall model (χ 2 = 46.25; df = 5; p < 0.001) with time and NoS variables was significant. The NoS variables alone explained an additional 28% of the variance in the model, and the overall model with time and NoS variables explained 59% of the variance (Nagelkerke's R 2 = 0.59). The NoS with redness was individually predictive. As NoS with redness increased by 1, participants were 80 times more likely to be in the consensual group (Wald = 7.9; p = 0.005; odds ratio = 0.20; 95% confidence interval = 0.065-0.616) ( Table 6 ). The NoS with ecchymosis had a large regression coefficient and standard error that may be due to the fact that ecchymosis was found only in the nonconsensual group.
Because of the large regression coefficient and standard error, Wald statistic and corresponding p value could not be used to determine the significance of the NoS with ecchymosis. Therefore, a subanalysis was per-formed. The variable of NoS with ecchymosis was entered separately into a logistic regression as a separate block after block 2, which included time, NoS with tears, NoS with abrasions, and NoS with redness.
Block 3, the NoS with ecchymosis entered alone was significant (χ 2 = 12.0; df = 1; p < 0.001), indicating that the NoS with ecchymosis was an individual predictor. With the addition of time and the NoS with each injury type (tears, ecchymosis, abrasions, and redness), 85% of the nonconsensual group and 78% of the consensual group were correctly classified (Table 7) .
In block 4, SA of injuries was added. Block 4, the addition of SA of injury was significant (χ 2 = 4.813; df = 1; p = 0.028) and the overall model remained significant (χ 2 = 51.067; df = 6; p < 0.001). The SA of injuries alone explained an additional 8.6% of the variance. The overall model with time, NoS with each injury type, and SA of injury explained 62.9% of the variance (Nagelkerke's R 2 = 0.629). Several variables were individually predictive in block 3. The NoS with redness remained an individual predictor; as the NoS with redness increased by 1, participants were 74.1 times more likely to be in the consensual group (Wald = 5.7; p = 0.017; odds ratio = 0.259; 95% confidence interval = 0.085-0.788). The SA of injury was also individually significant; LWW/AENJ AENJ-D-09-00010R1
August 10, as the SA of injury increased by 1 cm 2 , participants were 22.7 times more likely to be in the consensual group (Wald = 4.3; p = 0.039; odds ratio = 0.773; 95% confidence interval = 0.605-0.987) ( Table 6 ). The NoS with tears, ecchymosis, and abrasions were not individually predictive (Table 6 ) after controlling for time, the NoS with each injury type (tears, ecchymosis, abrasion, and redness), and the SA of injury, 85% of the nonconsensual group and 90% of the consensual group were correctly classified. The group membership prediction percentage did not change in the nonconsensual group with the addition of the total SA of injury (Table 7) .
DISCUSSION
There were differences in the types of injuries and the total NoS of injury between the nonconsensual and consensual groups. The NoS with tears, ecchymosis, and abrasions were greater in the non-consensual than in the consensual group. There were more sites of redness and greater SA of injury in the consensual group. Similar to this study, two previous studies (Anderson et al., 2006; Slaughter et al., 1997) found that both the nonconsensual and consensual groups had injuries, but if the participant had two or more injuries, they were more likely to be in the nonconsensual group. This study investigated the differences between nonconsensual and consensual groups on the NoS with each injury type and the total SA of injury. The NoS variable with each injury type was developed to incorporate the impor-tance of genital sites and the different injury types. Based on the univariate analysis, there were more sites (NoS) with redness in the consensual group and more sites (NoS) with ecchymosis in the nonconsensual group. Previous studies (Anderson et al., 2006; Slaughter et al., 1997) reported similar findings with ecchymosis, but redness was not used in one study (Anderson et al., 2006) , and the other study (Slaughter et al., 1997) reported more redness in the nonconsensual group.
Using hierarchical logistic regression and controlling for time, the variables that were individually predictive were NoS with redness, NoS with ecchymosis, and SA of injury. As the NoS with redness increased and SA of injury increased, the participant was more likely to be in the consensual group. The variable of NoS with ecchymosis was a significant predictor and, unlike NoS with redness and SA of injury, as the NoS with ecchymosis increased, the more likely the participant was to be in the nonconsensual group. These results support the findings of a previous study in which occurrence of ecchymosis was greater in the nonconsensual group than in the consensual group (Anderson et al., 2006; Slaughter et al., 1997) .
Redness, in this study, proved to be problematic. Some of the problems identified included how to deal with generalized redness, redness to the cervix, differences between skin color, and subjectivity between examiners. Redness was identified in the consensual group more frequently than in the nonconsensual group. Participants in the consensual group were noted to have more sites with redness that would result in an increase in SA of injury. The NoS with redness was found to be statistically significant, but based on the actual means (nonconsensual mean 0.5 ± 0.7 vs. consensual mean 1 ± 0.9) was not considered to be clinically relevant. During this study, redness to the cervix was commonly seen in both groups, which added considerable amount of total SA of injury. Because ectropian tissue changes to the cervix is a common finding and is not considered an injury, redness representative of ectropian tissue was not included in the injury and SA of injury calculations. Also, detection of redness in participants with dark skin may be difficult to assess because of an increase in pigmentation, or fewer sites with redness may occur in this population. According to a recent study (Sommers et al., 2006) based on race (African American vs. Caucasian), Caucasians were four times more likely to sustain genital injury than were African Americans. More research is needed to address skin color in relation to genital injury after intercourse.
The SA of injury was a variable that had not been addressed in previous studies. By adding the total SA of injury, the model was able to increase the group prediction rate for the consensual group from 78% to 90%. The total SA of injury did not change the prediction rate for the nonconsensual group. The total SA of injury was greater in the consensual group than in the nonconsensual group. Because the NoS with tears, ecchymosis, and abrasions were greater in the nonconsensual group, the NoS with redness over powered the other injury types. The use of SA as a predictor is limited because there was no way to differentiate the importance of the injury types. In order for SA of injury to possibly be a stronger variable, a system of weighing the injury types would need to be developed because not all injury types are the same.
Results from this current study were affected by time, even though time from intercourse to examination was limited to 48 hr. A previous study (Slaughter et al., 1997) re-ported no significant differences in mean injury rates for women after nonconsensual intercourse between 0 and 24 hr, 25 and 48 hr, and 49 and 72 hr. In this sample, the nonconsensual group reported to the ED earlier than did the consensual group. Because of the differences in time from intercourse to examination, time was controlled for in the analysis.
This study had several limitations. The sample size (N = 80) was small in comparison to the number of factors related to genital injuries after sexual assault. Only women who reported being sexually assaulted and who received an evidentiary examination were included in the nonconsensual group. With the number of women who do not report assault, the findings of this study may not be representative of the general population of sexually assaulted women. However, because sexually assaulted women who report the crime would be the only ones utilizing the criminal justice system, the results of this study are potentially relevant. Injury data from the nonconsensual group were collected via retrospective charts reviews. The examinations were conducted by one of the four SANEs. Even though all of the clinicians conducted the examinations based on the standards of practice, there was possible variability between examiners. To decrease the possible variability, the photos taken were used to compare with the injury documentation.
IMPLICATIONS FOR EMERGENCY NURSES
The research findings presented here increase the scientific basis for interpreting physical findings for patients who have been sexually assaulted. By adding to the small but growing evidence in this field, emergency nurses, whether a sexual assault nurse examiner or nurse practitioner, can improve their overall clinical decision-making process; thus, allowing nurses to prove the highest quality care for these vulnerable patients. In addition, the increase in expert knowledge offers an opportunity for nurses to serve as leaders in this field. In addition, emergency nurses who practice as SANEs are frequently asked to testify in legal cases in which consent between the victim and the perpetrator is questioned. Better understanding of the differences in injury patterns between consensual and nonconsensual intercourse through research findings provides for expert and testimony based on scientific-based findings.
CONCLUSIONS
The overall findings of this study, based on the combination of genital injury types, location of genital injuries, and SA of injury, demonstrated that the nonconsensual group was classified correctly 85% of the time, and the consensual group was classified correctly 90% of the time. The finding of ecchymosis exclusively in the nonconsensual group appears to be an important finding that needs to be investigated further. With respect to redness in this study, the exclusion of redness in future studies is recommended because it is not predictive of nonconsensual intercourse. With the exclusion of redness, the SA of injury should be a stronger variable with respect to predicting nonconsensual intercourse. Replication of this study with a larger sample is essential to validate the findings of this study prior to using study findings in court proceedings. Future prospective studies designs should include matched groups of women (nonconsensual vs. consensual) based on age and skin color. The effects of injuries over time and the impact of each injury type will also need to be addressed. Tools to measure skin color and the extent of injury types with different skin colors need to be developed and tested. In addition, as digital photography is used more often than the colposcope, future studies should consider using digital photography to adjust to current practices.
